The specific light-induced, non-enzymatic photolysis of mOGG1 by porphyrin-conjugated or rose bengal-conjugated streptavidin and porphyrin-conjugated or rose bengal-conjugated first specific or secondary anti-IgG antibodies is reported. The porphyrin chlorin e6 and rose bengal were conjugated to either streptavidin, rabbit anti-mOGG1 primary specific antibody fractions or goat anti-rabbit IgG secondary antibody fractions. Under our experimental conditions, visible light of wavelengths greater than 600 nm induced the non-enzymatic degradation of mOGG1 when this DNA repair enzyme either directly formed a complex with chlorin e6-conjugated anti-mOGG1 primary specific antibodies or indirectly formed complexes with either streptavidin-chlorin e6 conjugates and biotinylated first specific anti-mOGG1 antibodies or first specific anti-mOGG1 antibodies and chlorin e6-conjugated anti-rabbit IgG secondary antibodies. Similar results were obtained when rose bengal was used as photosensitizer instead of chlorin e6. The rate of the photochemical reaction of mOGG1 site-directed by all three chlorin e6 antibody complexes was not affected by the presence of the singlet oxygen scavenger sodium azide. Site-directed photoactivatable probes having the capacity to generate reactive oxygen species (ROS) while destroying the DNA repair system in malignant cells and tumors may represent a powerful strategy to boost selectivity, penetration and efficacy of current photodynamic (PDT) therapy methodologies.
Introduction
PDT has been applied to control insects and bacterial infestations but its greatest potential resides in combating human cancers and other diseases. PDT in cancer therapy is based on the observation that certain non-toxic photosensitizer (PS) molecules, of which the most prominent is Photofrin, have a tendency to accumulate preferentially in malignant cells [1, 2] . Although most PS molecules with potential applicability for PDT are still in the research phase, PS structurally share the tetrapyrrole nucleus and include porphyrins, chlorins, bacteriochlorins, phthalocyanines and texaphyrins [3] . Other PS molecules with PDT potential under investigation include rose bengal, Toluidine blue, Methylene blue, acridines and perylenequinones such as hypericin [4] [5] [6] [7] . PDT involves the systemic administration of PS to patients followed by a few hours of topical irradiation of the tumor area with visible light of the appropriate wavelength to excite the PS to its singlet state, which can react with molecular oxygen and ultimately form ROS. Thus, it is thought that PDT-induced malignant cell death is the result of ROS generation and consequent cell damage.
ROS such as hydroxyl radicals and singlet oxygen are highly reactive and can damage macromolecules including DNA. ROS formation also increases when cells are exposed to environmental pollutants [8, 9] , certain drugs [10] , nutrient deprivation [11] , oxidizing agents or ionizing radiation [12] [13] [14] and during some pathological processes such as inflammation or ischemia-reperfusion [15] . Reaction between ROS and DNA leads to several base modifications including 7,8-dihydro-8-oxoguanine (8-oxoG), a lesion that if not enzymatically repaired may lead to mutations, apoptosis and cell death. The repair of 8-oxoG involves 8-oxoG DNA glycosylase 1 (OGG1), a member of the base excision repair pathway (BER) [16] . The first step of this repair pathway is the recognition and removal of the modified base by a DNA glycosylase, leaving an abasic site. Subsequently, the abasic site is excised, and the repair is completed by a phosphodiesterase, DNA polymerase, and DNA ligase [17] . 8-OxoG repair activities have been reported in mammals including mice [18, 19] , human leukocytes and HeLa cells [20, 21] . Recently, liver cells from homozygous ogg À/À mice have shown a 10-fold increase in G:C to T:A transversion frequencies in their DNA [22, 23] .
PDT has advantages over cancer radiation therapy and cancer chemotherapy in that it has few side effects and has dual selectivity because PS tend to accumulate in tumors, or other tissue lesions, and visible light sources can be accurately focused largely on the tumor mass. The main disadvantage of current PDT is the lack of strategies that confer controlled site-directed specificity to the PS for the tumor or specific lineage of malignant cells within the tumor. Antibodies have been used extensively and successfully in biomedical research and are the basis of numerous clinical assays largely because of their unique molecular specificity for a given epitope and/or collection of epitopes and for their ability to be modified chemically and site-direct in situ secondary responses involving, for instance, enzymatic or photochemical reactions. In passive cancer immunotherapy, exogenous antibodies directed against antigens expressed in malignant cells are administered systemically to the patient [24, 25] . Mouse monoclonal antibodies have been the main source of antibody reagents for this purpose and recently the mouse system has been replaced by mousehuman antibody chimeras and/or fragments thereof to avoid eliciting immune responses against these non-human proteins [26] . This technology has resulted in the growth of antibody-based therapies approved for cancer treatment (for a comprehensive review, see [27] ). A major limitation of using mouse antibodies or humanized antibody chimeras for cancer therapy is that they do not kill tumor cells upon binding or by themselves. Thus, much effort has been placed in introducing modifications to antibodies so they are able to carry a toxin or a radioisotope, thereby sitedirecting the radioisotope or toxin to the antigen site. PS conjugated to antibodies have been used to site-direct PDT to specific tumor cells [28] . Site-directed PDT is being applied to ovarian cancers using the epidermal growth factor receptor (EGFR) as a molecular target to modulate cell proliferation [29] [30] [31] . Conjugating PS to antibodies for sitedirected PDT still has limitations, however. These limitations are associated with the non-specific uptake of PS-conjugates by cells and the tumor tissue penetration of PSantibody conjugates [28, 32] . Therefore to circumvent these limitations, more research is needed.
Reagents that non-enzymatically digest proteins and nucleic acids are useful tools to obtain functional, sequence and structural information about these macromolecules. Light-induced proteolysis is an attractive alternative to enzymatic and chemically induced protein photolysis. The reactions of photoproteases are easily modulated because they are initiated by the action of light and terminated on its removal. Photoproteases and antibodies may prove to be a powerful combination in the design of new strategies for improving the effectiveness of site-directed PDT [28, 33, 34] .
In this paper we describe strategies to conjugate PS with PDT value onto monospecific antibodies directed against a mammalian OGG1, a major enzyme in the BER pathway. These reagents were capable of photolyzing this enzyme in vitro in the presence of several specific protein probes and visible light of a wavelength commonly used in PDT. We also show that photoproteolysis may not involve a singlet oxygen mechanism. From these results and previous work, the expectation is that these site-directed reagents will improve tumor penetration by digesting the extracellular matrix, as well as to vastly increase malignant cell death by boosting ROS production while simultaneously hindering repair of oxidatively damaged DNA by photoproteolytically inactivating OGG1 and other enzymes of the BER pathway.
Experimental

Materials
Rose bengal and 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDC) were purchased from Aldrich Chemical Co. (Milwaukee, WI). Chlorin e6 and pyropheophorbide-a were from Frontier Scientific, Inc. (Logan, UT). Coomassie blue, dithiothreitol (DTT), iodoacetamide (IAA), and Tween 20 were purchased from Sigma Chemical Co. (Saint Louis, MO). Dimethyl sulfoxide (DMSO) was purchased from Spectrum Laboratory Products (New Brunswick, NJ). Glycerol and Triton X-100 were purchased from Fisher Scientific Co. (Springfield, NJ). Sodium dodecyl sulfate (SDS) was purchased from British Drug Houses (Poole, England). NHS-LC-biotin and Slide-A-Lyzer Mini-Dialysis Units (10,000 MW cut-off) were purchased from Pierce Biotechnology, Inc. (Rockford, IL). Streptavidin was from Jackson ImmunoResearch Laboratories, Inc. (West Grove, PA). Isolation and purification of mOGG1 were as previously described [18] . All other chemicals were obtained commercially, were of reagent grade, and were used without further purification.
Antibodies
Rabbit anti-mOGG1 antiserum directed against the whole wild-type recombinant mOGG1 polypeptide was as previously described [35] . Affinity purified goat anti-rabbit IgG (anti-heavy and light chains) antibodies were purchased from Kirkegaard and Perry Laboratories (Gaithersburg, MD).
Methods
Fractionation and enrichment of rabbit anti-mOGG1 IgG
Rabbit anti-mOGG1 antiserum (10 ml) was diluted with one volume of ice cold 4 M ammonium sulfate buffered solution and immunoglobulins were allowed to precipitate by incubation on ice overnight. The precipitate was pelleted by centrifugation at 10,000 · g for 20 min at 4°C. The pelleted immunoglobulin fraction was resuspended in ice cold PBS (140 mM NaCl, 10 mM phosphate buffer, pH 7.5) using a volume equivalent to that of the pellet. The above centrifugation step was repeated and the final pellet was resuspended in 1 ml of PBS supplemented with 10% (v/v) glycerol and IgG fractions stored at À20°C.
Reaction of chlorin e6 and pyropheophorbide-a with EDC
Chlorin e6 (2 mg, 3.4 lmol) was dissolved in 920 ll of DMSO. To this solution was added 80 ll of DMSO containing EDC (0.8 mg, 4.2 lmol). The mixture was incubated at room temperature for 1 h on a Roto-Shake Genie (Scientific Industries, Bohemia, NY), after which, the mixture was stored at À20°C. Pyropheophorbide-a (2 mg, 3.7 lmol) was dissolved in 910 ll of DMSO. To this solution was added 90 ll of DMSO containing EDC (0.9 mg, 4.7 lmol). The mixture was incubated at room temperature for 1 h on a Roto-Shake Genie (Scientific Industries, Bohemia, NY), after which, the mixture was stored at À20°C.
Conjugation of chlorin e6 and pyropheophorbide-a to rabbit anti-mOGG1 antibodies and affinity purified goat antirabbit IgG antibodies
Rabbit anti-mOGG1 antibodies (whole serum or IgG fraction) and affinity purified goat anti-rabbit IgG antibodies were conjugated to an average of 4-6 porphyrin molecules. Briefly, to 200 ll of anti-mOGG1 antibodies or affinity purified goat anti-rabbit IgG antibodies was added 2 ll containing chlorin e6-EDC or pyropheophorbide-a-EDC. Alternatively, to 50 ll of anti-mOGG1 antibodies (IgG fraction) was added 1 ll containing chlorin e6-EDC or pyropheophorbide-a-EDC. The mixture was incubated at room temperature for 30 min on a Roto-Shake Genie (Scientific Industries, Bohemia, NY). The solution of the conjugate was dialyzed against 100 ml of MSM-Pipes [36] supplemented with 0.2% (w/v) SDS at 4°C overnight.
Conjugation of the N-hydroxysuccinimide (NHS)
ester of rose bengal-hexanoic acid (RBHA) to rabbit antimOGG1 antibodies and affinity purified goat anti-rabbit IgG antibodies
The synthesis of the NHS ester of RBHA was previously described [37] . Rabbit anti-mOGG1 antibodies and affinity purified goat anti-rabbit IgG antibodies were labeled with rose bengal as described previously [38] . Briefly, to 50 ll of anti-mOGG1 antibodies (whole serum or IgG fraction) or 100 ll containing 10 lg of affinity purified goat anti-rabbit IgG antibodies was added 2 lg of RBHA-NHS ester (2 mg/ml stock solution in DMSO). The mixtures were incubated at room temperature for 30 min on a RotoShake Genie (Scientific Industries, Bohemia, NY). The solutions of the conjugates were dialyzed against 100 ml of MSM-Pipes supplemented with 0.2% (w/v) SDS at 4°C overnight.
Biotinylation of rabbit anti-mOGG1 IgG-enriched fractions
To 100 ll of anti-mOGG1 antibodies (IgG fraction) was added 4 lg of NHS-LC-biotin (4 mg/ml stock solution in DMSO). The mixture was incubated at room temperature for 30 min on a Roto-Shake Genie (Scientific Industries, Bohemia, NY). The solution of the conjugate was dialyzed against 100 ml of MSM-Pipes supplemented with 0.2% (w/ v) SDS at 4°C overnight.
Conjugation of chlorin e6 to streptavidin
Streptavidin was conjugated to an average of 4-6 chlorin e6 molecules. Briefly, to a 50 ll solution containing 100 lg of streptavidin was added 2 ll of chlorin e6-EDC. The mixture was incubated at room temperature for 30 min on a Roto-Shake Genie (Scientific Industries, Bohemia, NY). The solution of the conjugate was dialyzed against 100 ml of MSM-Pipes supplemented with 0.2% (w/v) SDS at 4°C overnight.
Conjugation of the NHS ester of RBHA to streptavidin
Streptavidin was conjugated to an average of 4-6 rose bengal molecules. Briefly, to a 50 ll solution containing 100 lg of streptavidin was added 2 lg of RBHA-NHS. The mixture was incubated at room temperature for 30 min on a Roto-Shake Genie (Scientific Industries, Bohemia, NY). The solution of the conjugate was dialyzed against 100 ml of MSM-Pipes supplemented with 0.2% (w/v) SDS at 4°C overnight.
2.2.8. Photochemistry using either first specific porphyrinconjugated antibodies or first specific-porphyrin-conjugated secondary antibody complexes Two methods were used to photochemically induce the photolysis of mOGG1 by porphyrin-conjugated or rose bengal-conjugated antibodies: (A) a direct procedure and (B) an indirect procedure. Direct procedure: Solutions (10 ll) containing 2 lg of mOGG1 in MSM-Pipes supplemented with 0.2% (w/v) SDS were placed into clear borosilicate glass tubes. To each solution was added 1 ll of porphyrin-conjugated or rose bengal-conjugated anti-mOGG1 antibodies (whole serum or IgG fraction) at the appropriate dilution in MSM-Pipes supplemented with 0.2% (w/v) SDS. For control experiments, 1 ll of unconjugated antimOGG1 antibodies at the appropriate dilution in MSMPipes supplemented with 0.2% (w/v) SDS was added. All mixtures were incubated at room temperature in the dark for 15 min. Reaction mixtures were irradiated for 30 min at 25°C with visible light from an illumination head connected through an 80 cm long, 7 mm diameter fiber optic to a fan cooled 150 W halogen lamp as previously described [37] . The lamp spectral data is available at www.schott-fostec.com. For reaction mixtures containing rose bengal-conjugated antibodies, irradiations were performed using a 500 nm wavelength cut-off filter (Morrell Instruments, Melville, NY). For reaction mixtures containing porphyrin-conjugated antibodies, irradiations were performed using a 600 nm wavelength cut-off filter (Morrell Instruments, Melville, NY). After irradiation, products were characterized by SDS-PAGE analysis. The calculated fluence at 630 nm for an illumination area of 4.5 cm 2 was 1.1 lW/cm 2 as determined by a LaserCheck power meter (Coherent, Auburn, CA). The fluence rate was calculated to be 2 mJ/cm 2 . SDS-PAGE was as follows: proteins were solubilized in boiling sample loading buffer supplemented with 0.2% (w/v) SDS and incubated for 30 min at room temperature in the dark with 87 mM IAA and 87 mM dibasic sodium phosphate before separation by SDS-PAGE [36] . MOGG1 digests were visualized using Coomassie blue stained SDS-PAGE gels. Gels were stained overnight. Indirect procedure: Solutions (10 ll) containing 2 lg of mOGG1 in MSM-Pipes supplemented with 0.2% (w/v) SDS were placed into clear borosilicate glass tubes. To each solution was added 1 ll of unconjugated antimOGG1 antibodies (IgG fraction) at the appropriate dilution in MSM-Pipes supplemented with 0.2% (w/v) SDS, and the mixtures were incubated at room temperature in the dark for 15 min. Thereafter, 1 ll of a solution containing 100 lg/ml of porphyrin or rose bengal-conjugated goat anti-rabbit IgG secondary antibodies was added to each tube. Mixtures were incubated in the dark at 37°C for 15 min. Reaction mixtures were irradiated for 30 min at 25°C. After irradiation, proteins were solubilized in SDS, separated by SDS-PAGE and mOGG1 digests visualized by Coomassie blue as described for the direct procedure.
2.2.9. Photochemistry using biotinylated first specific antibodies-porphyrin-conjugated streptavidin complexes Solutions (10 ll) containing 2 lg of mOGG1 in MSMPipes supplemented with 0.2% (w/v) SDS were placed into clear borosilicate glass tubes. To each solution was added biotinylated anti-mOGG1 antibodies (IgG fraction) at the appropriate dilution in MSM-Pipes supplemented with 0.2% (w/v) SDS, and the mixtures were incubated in the dark for 15 min. Thereafter, 1 ll of a solution containing chlorin e6 or rose bengal-conjugated streptavidin was added to each tube. For control experiments, 1 ll containing 2 lg of unconjugated streptavidin at the appropriate dilution in MSM-Pipes supplemented with 0.2% (w/v) SDS was added. Mixtures were incubated in the dark at 37°C for 15 min. Reaction mixtures were irradiated for 30 min at 25°C. After irradiation, proteins were solubilized in SDS, separated by SDS-PAGE and mOGG1 digests visualized by Coomassie blue as described for the direct procedure.
Results
Light-induced photolysis of mOGG1 by porphyrinconjugated anti-mOGG1 antibodies (direct method)
To conjugate the porphyrins, chlorin e6 and pyropheophorbide-a, to anti-mOGG1 antibodies or goat anti-rabbit IgG secondary antibodies, each compound was first reacted with EDC in DMSO at room temperature for 30 min. After reaction, the solutions were either used for antibody conjugation or aliquotted and stored at À20°C.
MOGG1 was reacted directly with either chlorin e6-conjugated anti-mOGG1 antibodies or pyropheophorbide-aconjugated anti-mOGG1 antibodies (in whole serum) in the presence of visible light of wavelengths greater than 600 nm at 25°C for 30 min (Fig. 1 ). Significant photolysis of mOGG1 was achieved at dilutions of 1:20 and 1:50 for each porphyrin-conjugated antibody. To circumvent problems associated with the impurities of whole serum, an IgG fraction of anti-mOGG1 serum was isolated and conjugated to chlorin-e6, pyropheophorbide-a and rose bengal. Efficient photolysis of mOGG1 was seen at several dilutions of antibody conjugates (Fig. 2) . No photolysis of mOGG1 was observed when unconjugated anti-mOGG1 antibodies were used in place of porphyrin-conjugated anti-mOGG1 antibodies (data not shown). Fig. 1 . Photolysis of mOGG1 by first specific porphyrin-conjugated antimOGG1 antiserum (direct method). Recombinant purified mOGG1 was reacted with either chlorin e6-conjugated anti-mOGG1 antibodies or pyropheophorbide-a-conjugated anti-mOGG1 antibodies in the presence of visible light as described in Materials and Methods. All irradiations were conducted at 25°C for 30 min. Each lane of a 7.5-15% (w/v) polyacrylamide gel was loaded with 10 ll of reaction mixture. Gels were stained overnight with Coomassie blue. Lane 1, mOGG1 photolyzed with chlorin e6-conjugated anti-mOGG1 antibodies diluted 1:20. Lane 2, mOGG1 photolyzed with chlorin e6-conjugated anti-mOGG1 antibodies diluted 1:50. Lane 3, mOGG1 photolyzed with pyropheophorbide-aconjugated anti-mOGG1 antibodies diluted 1:20. Lane 4, mOGG1 photolyzed with pyropheophorbide-a-conjugated anti-mOGG1 antibodies diluted 1:50. Lane 5, unphotolyzed mOGG1 (molecular mass/gel migration standard).
Light-induced photolysis of mOGG1 by porphyrinconjugated anti-rabbit IgG secondary -primary antibody complexes (indirect method)
Porphyrin-conjugated goat anti-rabbit IgG secondary antibodies were tested for their ability to induce the photolysis of mOGG1 in a complex with primary specific antimOGG1 antibodies using visible light at wavelengths greater than 600 nm. The reaction was compared to that using porphyrin-conjugated anti-mOGG1 antibodies. Dilutions of anti-mOGG1 antibodies were the same throughout. In these experiments and those that follow, the IgG fraction of anti-mOGG1 antibodies is used as primary specific antibody. For each porphyrin, the rate of photolysis of mOGG1 was faster with the indirect method than with the direct method (Fig. 3A) . Reaction mixtures incubated in the dark showed no photolysis of mOGG1 (Fig. 3B) . No photolysis of mOGG1 was observed when unconjugated goat anti-rabbit IgG secondary antibodies were used in place of porphyrin-conjugated goat anti-rabbit IgG secondary antibodies (data not shown).
Presence of sodium azide does not alter light-induced photolysis of porphyrin-conjugated anti-mOGG1 antibodies
Because the mode of action of PDT is commonly thought to occur through generation of singlet oxygen by the excited state of the PS, thus resulting in ROS formation, the photolysis was performed in the presence of sodium azide, a scavenger of singlet oxygen. Sodium azide (0.5 mM or 2 mM) was added to reaction mixtures containing mOGG1-anti-mOGG1 antibody complexes and chlorin e6-conjugated goat anti-rabbit IgG secondary antibodies. Solutions were irradiated at 25°C for 30 min at wavelengths greater than 600 nm. The presence of sodium azide had no effect on the photo-induced degradation of mOGG1 (Fig. 4) .
Light-induced photolysis of mOGG1 by porphyrinconjugated streptavidin
Streptavidin was conjugated to chlorin e6-EDC or rose bengal under conditions similar to those used for antibody MOGG1 was incubated with a mixture containing unconjugated antimOGG1 rabbit IgG fractions and chlorin e6-conjugated goat anti-rabbit IgG secondary antibodies in the presence or absence of sodium azide in the presence of visible light as described in Materials and Methods. All irradiations were conducted at 25°C for 30 min. Each lane of a 7.5-15% (w/v) polyacrylamide gel was loaded with 10 ll of reaction mixture. Gels were stained overnight with Coomassie blue. First specific anti-mOGG1 rabbit IgG fractions were diluted 1:500 and anti-rabbit IgG secondary antibodies were diluted 1:10. Lane 1, mOGG1 photolyzed with unconjugated anti-mOGG1 antibodies and chlorin e6-conjugated secondary antibodies. Lane 2, mOGG1 photolyzed with unconjugated anti-mOGG1 antibodies and chlorin e6-conjugated secondary antibodies in the presence of 0.5 mM sodium azide. Lane 3, mOGG1 photolyzed with unconjugated anti-mOGG1 antibodies and chlorin e6-conjugated secondary antibodies in the presence of 2 mM sodium azide. Lane 4, unphotolyzed mOGG1 (molecular mass/gel migration standard).
conjugations. Anti-mOGG1 antibodies were biotinylated in the same manner. The ability of rose bengal-conjugated streptavidin to photolyze mOGG1 in a complex with biotinylated anti-mOGG1 antibodies was evaluated at different concentrations of streptavidin (Fig. 5A ) and different dilutions of primary specific antibody (Fig. 5B) . Reactions were performed at 25°C for 30 min with visible light at wavelengths greater than 500 nm. Results from these experiments demonstrated that rose bengal-conjugated streptavidin was able to photodigest mOGG1 under these conditions.
The photoreaction was performed using chlorin e6-conjugated streptavidin and visible light at wavelengths greater than 600 nm. Controls included a reaction mixture containing unconjugated streptavidin and a reaction mixture incubated in the dark. Chlorin e6-conjugated streptavidin induced the photolysis of mOGG1. No reaction of mOGG1 was observed under control conditions (Fig. 6 ).
Discussion
We previously showed that rose bengal-conjugated primary specific antibodies or rose bengal-conjugated secondary antibodies forming a complex with untagged primary specific antibodies can induce the direct or indirect photolysis respectively of antibody-targeted proteins in the presence of visible light [37] . In addition, using similar strategies, we demonstrated that non-antibody PS-conjugated protein ligands, such as rose bengal-conjugated heavy meromyosin, specifically photolyzed actin filaments [39] . Experiments with tissue culture cells revealed that site-directed photoproteases are as effective in vitro as in situ [37, 39] . Here we describe similar in vitro results to those reported earlier using rose bengal conjugates. Porphyrin-conjugated antibody complexes and porphyrin-conjugated streptavidin biotinylated-antibody complexes irradiated with wavelengths greater than 600 nm, the portion of the visible light spectrum useful for PDT, were capable of photodigesting the purified recombinant mOGG1 protein in vitro. Photoproteolysis of recombinant mOGG1 protein by specific protein-porphyrin conjugates was consistent with in vitro results reported earlier for rose bengal conjugates with specificity for this mammalian DNA repair enzyme.
To conduct porphyrin site-directed protein photolysis experiments described in this paper, we chose the porphyrins chlorin e6 and pyropheophorbide-a, compounds that have a k max of absorption above 600 nm, have significant molar extinction coefficients at these wavelengths and have been used extensively as PS for PDT studies [40] [41] [42] [43] [44] . In control experiments, mOGG1 was efficiently photolyzed by these porphyrins at concentrations ranging from 6.4 lM to 64 lM (data not shown). The bacterially expressed purified mOGG1 recombinant protein used in these studies was an active enzyme that shares properties and amino acid sequence homology with its authentic human counterpart.
To conjugate porphyrin compounds to antibody fractions or streptavidin, porphyrins were first reacted with EDC. Porphyrin-EDC compounds were then directly conjugated to primary specific antibodies, goat anti-rabbit IgG secondary antibody fractions or streptavidin. When mOGG1 formed an immunocomplex directly with either chlorin e6-conjugated anti-mOGG1 antibodies or pyropheophorbide-a-conjugated anti-mOGG1 antibodies in the presence of visible light, the mOGG1 polypeptide was photolyzed as judged by Coomassie blue staining of SDS-PAGE gels. When these photoreactions were performed 6 . Photoproteolysis of mOGG1 by biotinylated anti-mOGG1 antibodies-chlorin e6-conjugated streptavidin complexes. MOGG1 was incubated with 1 ll biotinylated anti-mOGG1 rabbit IgG fractions and either unconjugated streptavidin or chlorin e6-conjugated streptavidin in the presence or absence of visible light as described in Materials and Methods. All irradiations were conducted at 25°C for 30 min. Each lane of a 7.5-15% (w/v) polyacrylamide gel was loaded with 10 ll of reaction mixture. Gels were stained overnight with Coomassie blue. Lane 1, mOGG1 photolyzed with biotinylated anti-mOGG1 antibodies and 1 lg unconjugated streptavidin. Lane 2, mOGG1 photolyzed with biotinylated antimOGG1 antibodies and 1 lg chlorin e6-conjugated streptavidin. Lane 3, mOGG1 incubated in the dark with biotinylated anti-mOGG1 antibodies and 1 lg chlorin e6-conjugated streptavidin. Lane 4, unphotolyzed mOGG1 (molecular mass/gel migration standard).
using an indirect method combining unconjugated antimOGG1 antibodies complexed to chlorin e6-conjugated goat anti-rabbit IgG secondary antibodies or pyropheophorbide-a-conjugated goat anti-rabbit IgG secondary antibodies, the mOGG1 polypeptide was photolyzed to a larger extent than that observed for mOGG1-chlorin e6-conjugated or pyropheophorbide-a-conjugated antimOGG1 antibody immunocomplexes. This result may be explained by the local increase of PS concentration at the reaction site brought about by porphyrin-conjugated secondary antibodies-anti-mOGG1 antibody complexes. Furthermore, as a result of possible detrimental effects of the conjugation reaction, porphyrin-conjugated anti-mOGG1 antibodies may be expected to have a lower binding affinity for mOGG1 than unconjugated anti-mOGG1 antibodies, thus making the direct method less efficient than the indirect method.
To determine the optimal reaction conditions for chlorin e6-conjugated streptavidin, photoreactions were performed with rose bengal-conjugated streptavidin and light at wavelengths greater than 500 nm. From these experiments, it was determined that a streptavidin concentration of 1 lg in conjunction with 1 ll of biotinylated anti-mOGG1 antibodies gave the largest amount of photoreaction. When the experiment was conducted under these conditions using chlorin e6-conjugated streptavidin, reaction of mOGG1 was less extensive than with either the direct or indirect methods and chlorin e6-conjugated antibodies (compare Fig. 3, lanes 1 and 2 with Fig. 6, lane 2) . Possible explanations for this observation may be (1) the biotinylation may be detrimental to the primary antibody, (2) the PS conjugation of streptavidin may decrease its affinity for biotin, (3) the increase of the local concentration of PS-conjugated streptavidin is lower than that found for PS-conjugated secondary antibody complexes, and (4) the smaller size of streptavidin as compared to that of the antibodies may keep the PS at a longer distance from mOGG1, thus allowing for less reaction. Any or all of the above possibilities will contribute to the reduction of the photoreaction efficiency.
Photolysis of mOGG1 was dependent on visible light and was not altered by addition of sodium azide to reaction mixtures, indicating that a singlet oxygen mechanism may not be involved in the in vitro photolysis of the mOGG1 polypeptide by porphyrins. The inability of sodium azide to quench the photoreaction is intriguing because chlorin e6, pyropheophorbide a, and rose bengal produce singlet oxygen upon irradiation. It should be noted that sodium azide had no effect when the reaction was performed with free PS rather than PS bound to antibodies (data not shown). Further investigation will be necessary to elucidate the mechanism of protein photolysis by these PS-antibody conjugates under our experimental conditions.
Results presented here are significant to the clinical applications of PDT in that the specificity of the primary specific antibodies chosen for these studies was directed against mOGG1, a key enzyme of mammalian repair of oxidized DNA. ROS-induced cell damage in general and oxidatively damaged DNA in particular are thought to be the main reasons for malignant cell death and tumor ablation after PDT [1, 2, 28, 45] . Since the mOGG1 protein was successfully photolyzed by porphyrin-conjugated antibodies or porphyrin-conjugated streptavidin when irradiated with wavelengths commonly used for PDT, the success of this strategy opens the possibility of using porphyrin-conjugated probes to improve site-directed PDT both by in situ producing ROS in tumor cells and sitedirecting part of the photochemical reaction to obliterate an important DNA repair enzyme, OGG1. In this manner, malignant cells will be overwhelmed by the generation of ROS and have a decreased capacity to combat such highly reactive byproducts of the site-directed photochemical reaction. Furthermore, minimal modifications to strategies presented here, including the use of combinations of specific antibodies directed against a collection of DNA repair enzymes and the encapsulation of these PS reagents into stabilized liposomes, will further increase the half life of PS-conjugated reagents, tumor accessibility and malignant cell lethality, thereby, boosting the overall effectiveness of this site-directed PDT methodology for cancer therapy. 
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